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INTRODUCTION

1
Breastfeeding has numerous advantages for infants, mothers and society, including infections than their non-breastfed peers, and that these are less severe (3) (4) (5) . 8 Few studies have investigated a possible effect of breastfeeding on lung function, with 9 heterogeneous results (Tables E1-E2 in the online data supplement) (6-11). Most found a 10 higher forced vital capacity (FVC) or forced expiratory volume at 1 second (FEV 1 ) in school-11 age children who had been breastfed (6, (8) (9) (10) (11) . Results for other lung function 12 measurements were more discrepant: two studies found higher peak expiratory flow rates 13 (PEF) in breastfed children (7, 9), one study found no association with FEV 1 /FVC (9) while 14 Guilbert and co-authors reported decreased FEV 1 /FVC in breastfed children, particularity in 15 those whose mothers had asthma, suggesting a detrimental effect of breastfeeding in this 16 subgroup (6). 17 Previous studies have suffered from methodological limitations. These include 18 insufficient adjustment for important confounders such as tobacco smoke exposure. Also, 19 important sources of bias were often not addressed, such as the possibility of reverse 20 causation (12, 13) -early wheeze leading to prolongation of breastfeeding -which was 21 addressed in one study only (7). None of the studies addressed the possible bias introduced 22 by excluding cases with missing values from the analysis (14, 15). Furthermore, only two 23 studies (6, 9) investigated in detail a possible effect modification by maternal history of 24 asthma or atopy. 25 In this study, we investigated the association between breastfeeding and lung function at 26 school-age in a population-based cohort of children, adjusting for important confounders 27 and minimizing methodological limitations of previous studies. We determined if 28 breastfeeding has differential effects on different lung function measures, assessed whether 29 associations differed by any maternal history of asthma, and explored possible pathways 30 (early infections and wheezing disorders/atopy) that could explain our findings ( Figure 1 ). 31 We hypothesized that longer duration of breastfeeding is associated with increased lung 32 function values after appropriate adjustment for confounders and reverse causation, but 33 there is no effect modification by maternal asthma for any outcome. Some of the results of 34 this study have been previously reported in the form of an abstract (16).
35
METHODS
36
More details are provided in the online data supplement.
37
Study population and measurements 38 We analyzed data from a nested sample of 1458 children born 1993-97 from the 39 Leicestershire cohorts, described in detail elsewhere (17, 18) . In short, we recruited a 40 random population-based sample of 6808 children of white and south Asian ethnic origin. 41 Perinatal data were collected at birth, and data on growth and development were acquired 42 prospectively during childhood. Respiratory morbidity and individual and family-related 43 exposures were assessed by repeated questionnaires (1998, 2001, 2003, 2006, 2010 The complete results of the three models (baseline, adjusted and with interaction) for all 98 lung function measures are presented in Table E4 in the online data supplement, both for 99 the entire sample and stratified by maternal asthma. The most pertinent findings are 100 summarized in Table 2 , Table 3 and Figure 2 and are discussed below. (Table 2 or Table E4 -adjusted model -entire sample). These increases were In a last step, we adjusted for alternative causal pathways, which could help to explain effect of breastfeeding on lung growth and structure. This is also supported by the fact that 234 we found the association both in post-bronchodilator and pre-bronchodilator lung function.
235
The ISAAC study also reported an effect of breastfeeding on lung function, but not on 236 bronchial hyperresponsiveness (8).
When we stratified the analysis for maternal asthma, our findings were more complex. † adjusted for age, height, weight, sex, quadratic terms for height and weight, birth weight, gestational age, birth season (winter, spring, summer, autumn), age, height, weight, sex, number of older siblings, nursery use, wheeze onset during breastfeeding, maternal age, maternal ethnicity, family education, maternal asthma, paternal asthma, Townsend deprivation score, residence area (urban or rural), smoking exposure during pregnancy, smoking exposure during childhood and interaction term between breastfeeding and maternal asthma ‡ reference category (intercept); the values represents the average lung function values in that category § the interaction term reflects the additional difference in children of asthmatic mothers compared with the corresponding difference in children of non-asthmatic mothers, for a particular level of breastfeeding. For example, the difference in FVC between BF<3mo and no BF in children of asthmatic mothers (0.063) equals the corresponding difference in children of non-asthmatic mothers (-0.018) plus the interaction term (0.081). A model without interaction terms assumes that the differences are equal in the two groups (children of asthmatic and non-asthmatic mother
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